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(54) MANUFACTURE OF SPARK PLUG AND ITS 
DEVICE 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a manufacturing 
method of a spark plug hardly causing a flow or a defect 
such as a scar or a chip on a central electrode during a 
preliminary bending process and capable of attaining a 
high yield. 

SOLUTION: A preliminary bend spacer 42 is positioned at 
the prescribed gap (d) in no contact with the tip face 
of a central electrode W1, and a ground electrode W2 is 
pressed to the spacer 42 by a punch 43 for preliminary 
bending. Since the spacer 42 is kept in no contact with 
the central electrode W1, a chip or a scar hardly occurs 
on the electrode W1, and a high yield can be attained. 
Position measuring the tip face position of the central 
electrode W1 with a laser displacement sensor 115 can 
be implemented prior to the preliminary bending. The 
preliminary bend spacer 42 can be accurately positioned 
to generate the said gap with the tip face based on the 
information of the measured tip face position during the 
preliminary bending. 
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^ v ^x^co^m ft tf * icft uftte* t us 

Sr^fii ft frf^X-T 5 iHi ft x*i t , 

f ^««4fe«ffi ^ fiJ "C* ft WJDX-f 5 * ft X@ <t £ 

© W ^Bf 3£<o|»IH * 4: C 5 J: 5 fc<fc«Sfc ft £ *x 5 i#*« 

&mmm<D7t^v\zM l«»x;*/<-* ^ ^Mietg 
si-cfltfies^iasffiitse® kkb s nfes $ oisb 

»i»U -tO»Xfflfi^TBttlB^«ft*fXS«:3lJfii-S 

1111**5] »»*«i:EISJxfc'P^e«i:, *o 
Jft»*^«iciBB*ixfc±ffA*i:, 

x. 
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}f Loft flNBttJfeCIEOftMfcTOA 

't«Sjfe«ffi(w|6jWT*fttfttX-r«»*ftVttfi4:S:'a' 
10 ^> 

lulB^BfttfgfiKJi. iuie^ffifttf^^— b-*, 8915 

So 

[it** 6 ] ttia^ft^f *qxtcjti:oTiKfiB«p-L«« 

ttOjfe«ffiffiBfc»Ei-5ftiBffiffiBa03E*Bi:. 
20 ^©»«*nfc*MffiffiB©««*-S<5V^T, fiufS^M 
ft^^-**ffiB*»"*-'<*ft«'S»tffiB*:Jim-r6 
ft ff ft WffiB* a^a t ^r{i x. , 
iulS^ffi ft tf ^ 9-ffifi*«>»«tt* cd» ffi $ Hfc ft 

30 «fBE56«ffiffiBjBISKBI±s MrlB*/u^irK«*ttfc» 
AflX^^"-^ 7°7 ^<DWE«»«ttife«ffi©±^^EB 
Stt^WSffifiH3EoffiB«ffl'fe^-9-^J:p, Suf25fe^ 

a s ei 5()©r^5 ft 6 8a««>^ ^ 
-sit it> mm&toT.*;<-?77 y&rnm*^? 

»B^EB**tTV^»*« 7 lMW>*/<-* 
40 3t^g 0 

[111**9 ] SWE^«ft^fi<DfflrfE^«ft*f^^- 
Xffigt- B S £ ftfcKHWX;* ^comifa^ 

fit, ffl!E*^«ti^ttj»^^tXSi-Sf^#fc*3v^ 
^ o ft if ft tt ffifi^ b ^ttfeiiiffiffifi t ©Pfl TiiiiSBib 

50 ^^-*fc©»*Mi-4^^-l^ffi«J|BEK»»4: 
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<b ft if £ ^VflSSU i ^ b 4 5 iiufSft If SlflJSB 
guK^ifttf*^*-**: itl^l^-^lc-frtt 

S t © i: * Jx-C v * 5 9B«o^/<-^f 7 ^«3S 
[0 0 0 1] 

*\ te««ws«*^ * *f ig s tixmmt* * >fr«js<p jteas 

[0 0 0 2] 

»tt«©ftJf JpXt^J: Ofiffeix*^, roftffanxSr l 
a»-eft«*W ft*7£ ^y^ttcBSUJitSt, 
-y^lBHI^/h* < ft 9»gffc»*fc, «ffitf>fttf BE 

A^ttBftttbitafcat). ft*f«ro«tlB-ettiffjift<R<D«? 

IBSrabT^So r.*t«:*»f^^^J;!9-*^*|»» 
JKKfttfJPXL«fc5 ti"<5i^ SJB-^Sfia^^iL^i- 
< ft o r 5Fft*^s* D-^-n ^BlB^fc a o 
[0003^ ¥fT««S*/<— *:/9^tf>«9ft 

WSOfttfJpXtt, «*J:9T«Btoi5ft^«fttf t* 
ftff t02»Rt<DXS^J: D*ttSttSr.i^#< fto 
t#tv>5o *i*^«fttfxs-ei4, 

-f- (**-Cf4 ^^7j fcSVMl TTMj 
TV>a) ^riag-r^o fit, ^rO^(itttf^-<— 
»L»tt««^jfc««fc, ftff'O-^ ( r±§Jj H» 

«*«ffi^ife^**^a«ife«8flBiCfft^-r^fift*tf 



(3) 2 0 0 0 - 1 6 4 3 2 0 

4 

ttftif»nx-r;5 0 

[0 0 0 4] 

ffiJBfcfcU *oa»««^-Cft*f/0^-fcJ:9*»« 
ffiSrinffiLT^^-iJ-^Jf LoitSJg-C^HIBftlfxaSr 
ffot^to L^Lftasfe, wC0^rj£"C*(4, 

io L-^i-v ^MM** fe o fc 0 

[0 0 0 5] *»W^BW*4, ^HBft*fX@^*3^T* 
'b««^«^*tft4f<D^tt3FftdS»4L^< <, K*£ 

[0 0 0 6] 

v^C, !©PX^^-^^5^o*#tm*ojfeiBB4»iRi 

20. -rsti^aiftrr^— 9-*:E«u m?so?-*m 
bffiof^r^a^ ffi»mffioit«ifi!iS:^«iftjf 

taX^SiHIfttfXgfc, R^«tttfX«»T«^ 
i&mH i * <MHS i: © B d» b ft *f J- SriKK S 

ft Jttfly £ * ABB [rJ T* ft tf&n X1- 5 * ft tf 

Xgi:^^^, ^«ft*fXS^*5V^T^«fttf^^<-1?- 

30 tcffig^^^n, ^Oflttt-eait&flffiSrft^fllft^f^^ 

[0007] *tz^ *mw(o*s<-?yy ymmmm 

5i p^^fflftff^^— ^SrESU ftff^O^Srffl^ 
T^O^#ft*f^^-*^»L*'i>«SittK»«3&*b 
Jf Lott^ - [c& *) N "«»««05feiB««r^«ftJf DP 
Xi"*^fllft»f»itt, R^«fttfXg#$T^ ^ifem 
ffit*,t«ffit<oB^b^«fttf^^-^4riB8S*fc 
^figi-T, *tub«*«ffii*^««<koW^»»Wft 

<B«r*^m«ft*B^I«a*t-C*«W r iPXi-5*ft»fSS« 

^ssoft«B fc <Dm{cmm<Dffim*± ca J: 5 t^ss 
*fe"t-s^«**f^^--*teit«fc*?)»«fc, ^« 

T\ S»Sffi^K^«fttf^^-1?-^rR3Jt-Ci¥Lo^P> 
*L* i 5 I- ft tf ^ SrKtti" 5 ft If ttfllffi fc (t ^> 

[ 0 0 0 8] ±E**W©«ift^r&RVaSltlcj:ixHf, 
T«ft*f^^-+*:+'ij'«ift»ffiKa*S*i'Bf^ 
50 BklBSrftD**fcWTffi«**U *CDtt»-eft»f 
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9, iHllft ff XS«r 11*61- S. '&%<D£ o\zx^<-V* 

arta^ig^ftSo 

[0 0 0 9] ft*>\ ^ftJfJPX^jfeSCoT^^fifficr) 

s/^raRa^Ffi*3&s-H*i:(c< < fts, 

[ooio] ^©fee^xm^v^-m, ksisb 

HJEOffiBtftUVfe^iH^J:^ 3teS8ffi©ffi£ffifi&Jfc» 

loon] *fc, 3feiBffi<fl:«aS£XS<o|lttffi«S:* 
-ffig£ LT, aflWX]x^-^^7^S:*/^t t fete 

U flc«8ffiffi«jBySXSi^;«ft»fXSi:*rSU^OffiB 
[0 0 12] 

fc»"fJltt«SrlMILTRWi-« D Ull (a) &tf 

(b) «\ *«W(o^^-^^7^»3ais« (sit, * 

UHWffiH-efcSc BEMaftfilt 1 li, 7*7 

T-ttKiftW ft t 4 o X v > 5 ) ^ jft o x Pflj^W^JRiH 
+ 5Jlfi3l««i:UT©y=.r = >-<r3 0 0*r«x.. * 

tt^jfe»EfiffiB*»3ei-5ifeiBffiffiB»]e3atBi 3, & 
ff3£fil5. X^DX»T«^!7-^W«r#a-rsi7- 

^SMii 6 a*, *5i6*ift±»«*^w<DiliflF-eiBB 
£ivti^ e y ^r^^-<r 3 o cm, mmw#t LT 
c7)f*^->^ o i !7-^w*s#«i^ri6ica?i»s 
ns^rt y r 3 o 2^gf^p r gssT*st , 9#ttf 5 nfc i b^ 

-c*>5 0 ^ — >-3 o i £ = >-<ri£K)^— * 2 4 l£<fc 
5 0 
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[0013] HI 2 lo^tJ: o ,^ p-^WI*. 
W^*^«ffiwi©jtffiffi^|6j^"CftrfJpx$ix, ATE 

* •* y s tux wnmmm* '<-*77?t ft 

So ^r-^y 73 0 2tf>XSKfi, ±Sg^BBP-rS(8tt^ 
10 */U^2 3#— #WU:&»9ttttfc*l-CV^o LTx y 
-^Wll M»b:(D^2 3rtl;L#llftWjlBJ::» 

ft 5 J: 5 [^Tfc«lT^-Y y T 3 0 2 t t fcJdWaiS 
[0 0 14] ft*5 N Jif£(Dj; 5ft y ^7 3>^<r 3 0 0 

<Dmmxfa^<>x&mMzmm-fz>ztx\ utmost. 

M^ll 3©EfiffiflS:M-firfit LT, ^mm? 
20 B^EB*JxS»iftoTv^ 0 ^LT, y^r^>-< 

T3 0 0te. ?->>W£*/^2 3 t t t>K±lE»— ffi 
B^&*XffifiH*i3S+6«iJS^O«Wft*fcLTV^ 

So 

[0 0 15] H1(D!7-*»A«*1 

300 mi) <nm^fac<Dmjj\zm7z£frifz9-i? 

S) ^«Aftv>L^ffim^^B**^n7t^ 

30 $^ls 0 &»mmm3 sat, x7'>yy^3 7ia9# 

»^Ii6^««FSixS^^y^^^K««3 6 X7V 
y >^'3 8<S(^J:D^^y^^^K««3 6 ^R^gg§ 
C<0^^^5tifi«»+^iiiftBft««3 9Wtr«A/ 
TMS^5o ft ^ Ki« 3 6 lia?P L4^x 

^7->y ^^3 7t^J: 9T#UT!7-^WSr«»U ft 
^TJtltLfctt^Tv'y >y 3 8tCj:«9iiii^ffi)$ixT 

40 fi, y-^mcT^-n'^iii^ rti^y- 

7 3 ys<T 3 0 0<O^/U^2 3 4T»3lUTwjX^SJ3» 
[0 0 16] ^7t, 13 (a) fi, ftJ6BaS^JWR4 

• gfr«Mig, ^o-e~^ 1 5 1 m\c£ Ki 

aiM@9\zmJEfL& (#Hft#J-Cfii 8 o° 180 

50 ° ) wtvmxmz.&ttmzMt»htiizmiB&&i 5 
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tt*««Wlfc»JESbfc«Xt«8*«)8ll 5 2/^/t5c£ 
n CO t # , IfiHeffiW 15 0 C0« 1 5 2 ©J^lfttt. SEJOffi 

tw« £ 9 v - 9 wasnnssptt i 5 o 1 1 fc 

v\ 

[0017] 5HlBS{fcBH£KB l 3 ft. ffcifii- 

5 ^fif ft if »BX^5feSE ^ T^^tiWl 03t«ffifi:B £ 
mfe-fZtcZxDhnxhV , H4fc*i-J; 5 fcffiBtftW 
tyfl 1 5^1i?) 0 9-£Wtt N ^73W3 

0 0^3g*^nTJB$ffi:B@£t*ofc7jN/U^2 3 i^^t 

*LT. ffiBtftW-fe^lM 1 5 ft 
steB&aurrs 7 40ia? -J£i* S fcftttS 

©5fcMEffiB«r±#a a bW3£1-3o r©J:5 4ffii»BJ 

■B&f±£AT<^iif9T*feSo i-*to*>^ If— JfcKl 1 5 
iF-ftSrHMtU *OSI**t*»{Wfl[B*W» (Posi 

tion Sensitive Detector : PSD) 115bl£j;9S: 

tt£o Rlt3feOS3tffiBttKI*ffiOilSSffl[B^<t t> SE-ft 
U P SD 1 1 5 btoft*0ffi^l«^Sit*O$*ffit 

SrR*S5Ci:l:J; ^ * ^ffiffiW2(D5teffiffi<£>ffiBS: 

[0018] B12I1 ftWBffiCMJE&a l 3 ©»«f 
»1 1 0^u y^atfcS. 1 1 0 ft I / 

O^-M 1 UltlCijl^fcCPUl l'2, RO 
Mil 3WRAM 1 1 4^^b*5^^ 9 a^air ■;/ 
1^^J:5«ric$*tT*5 9, ROMi l 3^fiffi«BW^ 

n^7^riM*^$Jh/tl^3 0 RAMI 14ft CPU1 

1 2 T<t LT$£f£1-£ e *fc, I/O*— 

hi i ncft ±feffia^mir>i^ i 1 a/d^ 
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&§§1 1 6Sr^LT««*ixTV>5 0 ir>1M 1 5<DP 
' SD 1 1 5 b (14) CT^&ffi^ft A/D^iftSSl 1 
6x^^/^*$ixT««fgBl 1 OKA^Sii,*. CP 
U112I1 rftSr*ltrWW^o^9Ate±)3*^* 

t lx i/o*- h i i i**e>a*i-5„ 

[0 0 19] 13 5 ft ^{Sfltf^Bi 4(D-m*7fk1-k 

10 lf^-t4 2S:EiU ^co^{iftff^-<-ih4 2 fc 
»Ltt«««W2<D5WMB«rs ft»f^^4 3SrfflV^T 

ftffSnXSrtT 5 fctfrcfcSo H 5 te:fc^T^«fttf KB 

i4ic« % ^«fttf^-<-i^<it««fc*!>«t«4 5 m? 

*ft«*45ft B8l:*ti5l:, ^l/Bftff 
4 2**^««wi<o5t«ffii©M^3e©BRBJdSr4. 
«t 5 fcffiB*ft+5fcft©fc<&^*>5. Sfc, ftff 

20 -^4 2^ftf7Tif LotfS J; ? f-ftff^°>^4 3 

[0 0 2 0] H5CI^ ^«ft*f^-<— 9"ffiB*«)« 

14 5 BiiiIUMMft4 7 <b^-<-^tegPSiltb§|5 4 
8i:^li^5 0 itiSK»»«4 7tt, ^{Sftff^^-f- 
4 2^ !H8 (b) f^^-f-J: 5 — ^wofitS 
Wi(755feSffii:*riB]-t-5fttfgtmfiPAl^, 
W 1 (D mmjj fR] t ^^t" SlRlt^*5V>T^:Oft ff S VtiL 

B^fe^ixfcii»(ftBPA2^(0|BlT»iftB»i-Sfc» 
^)fct?5t?fcSo 9-ffiBMBBnffi 4 8f^, 

30 ^MBft^^— ^4 2 ^^'L^ffiWKDli^fS] (r<D 

©5fe*ffifc ; Hift»f^^*4 2 4:©B««r, mlfS^^ 
£g IK d f IP S 5 /t ft <D h to X fc 5 0 
[ 0 0 2 1] fttf/^f4 3l4, ^yf«^lT^) 

xrs/y^4 9^H(^«iS4 6«u * 
^BawioWilR^lRl -kT^lSJ) fcjoV^T 

— 1^4 2 t t ht^^nI»j-<-^ 5 2 fC-f*^ 

40 i:l«9#tt^nt^5 0 ^^-tfi«ttB«l»4 8fi 
KbI»^<-^ 5 2 *^^«SWlCO*fcJjl*|ft^»lbS-& 

So r©J;5»^ a^yf4 3 4: : IHIIfttf^-t4 
2 t«r— ff{fcLTl7-^W^»LffiB8tfti-5r <hfcj: 

«ft*f^-*4 2 titf/^f 4 3 ifc, «H*a<C 
ftJf MJXffiBJ-ffiBftfti-5 - t *S"C# So 

[0 0 2 2] jl^t, ^fflftff ^tt 1 4 Oft#W4ff«f: 
o^TS 17-^Wfi, y^r^v 

-<T 3 0 0fcj:«9^Mi 4^ifiMA^ix, F^^O^PXffi 
50 BUffififtft^ixSo tit, }) ~7^>^T 3 0 0CD 
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651, 5 litU ^b$S5 1, 5 1<D±.m^te 

[0 0 2 3) HI 7 f^i"* p pJBk<— .* 5215, « 
*roJ^»ii7L7 0 a , 7 0 a^M^/c^ft^ KSfB 
7 0, 7 o#*»Mfc#A'h*fc:J: 9 SiSttttfcix, r 

5 J: 3fc4o-C^5. £fc> *^-iHftll«Se»SB4 
8^J:^|:S^$titv^ 0 -t-4fr*?. WHk<-* 
5 2 0*BB«ira5«»t&*tfcltiali«Bt7 lKtoCtt 

7 2^WKk<-;*5 2<o*»^iR]»-iaCia4ix % 3ti#4K 
5 5^©«9^ttb^c^-<~^ii5$PS^-^7 3#R 
feD$47 2^^^f^iCli]feig®)i-^ 0 r. fun J: 9* f£^T 
Kk<-;* 5 2 IT, :ttl:$ 9 ttrt bthtz^m^ 

tf^-lM 2 i«tf«MJK&4 6 #Wte#|*IMtt 
£4*. 

ten, H 5 Ic^f £ 5 ^, pJKk**-* 5 2(DT88J*fc:?& 
oT7K¥^fpJ^^^ K 7 5 tfittttthtl* ^7^^74^ 
Z.<Dtf4 K7 5 C8oT^7^ K»tti-Sri:»cJ:!3^ 
Ifltf^-t4 2^, g!8 (b) fc«i-*lfS*tffi« 
P A 1 <b iS^fiM P A 2 1 © n 5±5l:io 

[0 0 2 5] *Oiiift»»(0««fi, WifcTy!) ^ 

8 0^i:5itift»*SrSRfflbTV^. i-ftbfe, B9l: 
^•r«t5^, »6 0 (Hi 5) ©T»^RW6Jx*:Ttt 
7^6 l^KtbT — ^6 3#\ ^(P'praSB^jJo^T 
t>6 2^i9E*5'5JIBKaDf**t&nTV^ai. iEtbT 
— i*6 3^>— iffifffl^fiD — ? 6 3 a &&Qttftbtly * 

«i*«^tto — 5 6 3 b&^ttrthtlXXMsS 0(Om 

B5t*ti 5C*A8 0«->-v7 h 8 1 

[0 0 2 6] 0 9tt:Si9, *7^7 4<DiKI#lfgttiH 
Si:f±, #-fKojyK8 2 > 8 2 9 tttt b 

^ 7 ^ 7 4 i 7 ^ K»»t 5 J: 5> l: 4 

«k<-;* 5 2fcR9f+#&ftfc;* h y<S:»lRb LTco 

h 8 3 S:Jtv^-C$&^a*fl8lc#t/T*3 9, 
^<D*ag«H::{i;* h s/'*@^S|5 8 4j&«Rtte>ix-C^5o 

^KPyK8 2, 8 2j&s±Tfc2*R 
tf<bti, ^'h^/^H^ttS 4«:rixb^*iH»IB±*:o 

^3 8 4(:il Sit^V- h 8 3 ^Sit^l ill 



(6) «pBB2 000-1643 2.0 
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2(Ofttf$tf{fcfiPAi (B8 (b) ) I: 
SrM^-TS^ h y*8 5#&9tttf t>tiX^ 

[0 0 2 7] *Sti6«-Ctt, ^h^^85 f±, 5fe««fP* s 

^8 4^b©*W** s *HpriB"i:4oTis5, m*L\$7 

if, ^«ft*f^-*4 2<D«tf$rtffi«Sr«3E-r5fK. 
fi#££fc»^tt, ±ffi^U*WSfc«fc9;*7>f ^7 4 

[0 0 2 8] 4k3tVf?l — hS 3k 

^7 6, 7 6tfSRttbiXTl^3 0 *7>f^7 4 OHI^fn] 
20 fcffatt** 7 6, 7 6 ©f+JMj ^iEK^ t 

6 3^i5±ffitf^*t7 6, 7 6<Dtt»*fcffiLfci? 

7 4 iSft^l — h 8 3 fcO|H^tf*3Ltt*t7 5, 7 5J&5 

8 2, 8 2tf«ia»tf7 6 l 7 6<Ort«^#ii$ix6JB 

[0 0 2 9] JiffiiiiIiB»J«« 4 7 <D{£fttt£AT<&H "9 
30 T'fc5 0 t^fo^ El 9 (a) ^^-r<t5l-x ^^80 

U6 3 b*S«iiU ^^6 3 a £mii§ 

«t>9, ^7^y7 4imW7 6, 7 6 0#^tr«t 

DmliSL, ^ffifttf^-^-1^4 2Srft»fa^ffi«^»» 

*S^T^, ^(-iittr — ^ 6 3(D^-A^^n !7g|56 3 b 

-f ^ 7 4 tttf fa«*t 7 6, 7 6 0{*»*fc:ttLTfftii 
t> ^»rf^--1>-4 2ftiBBtt«te#»**5 0 

40 [0 0 3 01 B5i:l9, A(fWlffi4 6lt ^{ifttf 

7X-t4 2(Dft(fSttfiiPAl (0 8 (b) ) \ZM 
iSi"^{]iB^^VNTpTB-<-^ 5 2^»9Wtbix-C*3 
9, ^Ti/y >-^4 9tcJ:«9ft(f^ 8 ^5 : '4 3^r!7-^W 

WIS, B6l^t<t Pi-, «ll»*In)P5«36»6J¥*x.»«- 

9 5, 9 6 i:©IBicl**f«tftbix-CH*S*bSi5^4 

50 teUlRttfejxTV^S. ^flsW^tS, "SJtbJf^^^8 6 



11 • « 

(4*7-f^8 9^Bl0rt-*tbiX^ h 8 1 

0 tlH(lllft^60Wltbhfc*A8 8l^i9, f*B& 
7 — 8 7 ^1X^7^/7 4 ^r^SbLTiiiiPffij^ 

ttz> 0 *<omm\*. *7"< V7 4<Dm&mmmm4 7 1 
[oo3i] m s ( b ) [c^i-j: o mfmm 

354 6 fcte^TT'Htttf*'*— 1M 2tf>iJHBffittP A2 
14, I^H (a) ^7^-t4 J ^m®Wli:^m®W2«i:(7)ia 

^fffifftftli4 5 (iiiiBBB»«4 7) (4. ^fit 10 

iPAl-<«*rtllE»»SfCffilft6t5J; 5fc4o 
tt^o tt*5, ^i&m®g?iJ$S« l 2 (H 

1) M<fc"9, ^{Sfttf^^-f-4 2<Diiii^|pJtC^5V> 

i^4 2 4:R»|||^{tll+5J:5lcSEWS*tT^«ft»faS 
f 1 4rtlr{iH*i6^^5 0 
[0 0 3 2] £fc, HJ8 (a) C^ti^:, ^iSfttf 

BB C^iffi) ^> tt«tt«*W2©|ftlf»ttfc» 20 
j£LfcttaB«Srfi-fS**faffi4 2 a t *ix-cv>S 0 * 

ffw^tt, ^^«awi36»e>s»«aw2«!i^iPj^5*'iR] 

^4oV>T, *<OftffSffi4 2 a Oife«ggB^4 2 a2^S. 

«»*ffiW2^**f«fPrtffi^»jCL^r-^ffi^^^« 
^tttt^c irtu "Hitttf;*^— ^4 2ot^t 
«WliS*rR]i-SspaffiSrS!ISflB4 2 c t IT, 5t«Sg|5 
tC^CD£^ffi4 2 c X 9 t»TlRl#l-^ffii-Sg6U«P4 2 
b^SJx, ±IBT-/l-®^^3feSSSlS^4 2 a2^t 
(D^ttS^4 2 a ^)T»*t fc Jifi*^5ifKi:3ioTV>So 
&jo N ffitfM®4 2 a «#K|r)J&>5 Sift' 30 

^lgWl^«B3(l^a$>5^E4 2 a 2d: ^ ttT V* 

So 

[0 0 3 3] ft*f^^4 30jK««aW2i:<D 

SSffifc. ggfl6«ffiW20ft^?g^^mL^:ftffi«tS: 
Si"Sft»f^ffi4 3ai £jh/C^* 0 *©fttffflffi4 3 
a<7) N iHlflHf fr4 2 2 a2^f5 

r.ixi:*5tfra4pEo»ffi4 3 a \t £tiZ> — 

ft, X^-f 4 2^»5)4 2 a2t:mt$M 
f4, »*««W2(0ifeiB»Oft*f SE:#>f K^SfcfcK** 
®43alj;^ t*49E4: Sttfc, #V W®4 3 a2<h 40 

[0 0 3 4] ±|Bfttf»»»4 6fc*5V^T!7 — *W<D8! 
«fiffiffiW2«, *tfV*>^4 3*iHi»»f^^— *4 2 

tftlf/^^4 3(D^£4®4 2 a 2, 43 a2i^BB^SS 

MVttiK ft»fiB4 2 a Oft»»»4 2 a 2©»«l:» 

[0 0 3 5] B13H 'HBfijIf mW 1 4 CDM^W 1 2 50 
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^ooBWte. i/OzK-H2ii:ni:j|«StifcC 

PU12 2, ROM12 3MRAM12 4^^45 
^^arotjxtl 2 5fc£0«J*S>LT*5?U RO 
Ml 2 3^«*Ji»rn^9^ 1 2 3 a JxTV> 
5o RAM12 4I1 CPU1220!7-^xi)7i:L 

t8mbi-5o ^^tii^ai^-^ 7 3 {4, -v—tfm 

fta- 5, M2 6^LT I/O/tf- M 2 1 fcftttS 
ttTjo>9, /</U;*v?:n*U— # (PG) 12 9^o/tf 
i^TV^5 e ft&.;6u 7 8 tfWj^icPG 1 3 

OSrflli, M27^U I/O* 

[0 0 3 6 ] »»««WUC^<ift*fiPX36SJ6$iXfc!7 
— ^ W(4. H3 1 icjoV^T y ~7 ^ >-<T 3 0 0 ^ J: 19 ^s: 
tt*f3£«i 5fc»iftS 0 *tt*f3S«i 5 J4. Bio 

(a) \C7jk-f±o\Z^ 3S«rt^fi[«*«)S*tyi:!7-^W 
^S«6SffiW2lc:*rLT, fai:dli»HI»OBB*LftV« 

±9. (b) te»i-±3^ **Ba*ft»J:36r*rGl< 
JK-C^H»**f **Lfc«»««W2Sr, jfeiBttds*^«« 
Wl tf^Sffi t Htfspfy t s ± 5 l-*ft *f JnXSr« 

ir 0 ft*s, r<o***fjqxtt % cco^^7 9 2fta 

[0 0 3 7] ^ ^^-^y^^fiSaS^aiO^lftV 

^ ymmmm 1 a>±«»*s 1 o o t ^cDjaia^s^w 

»*t*tyoy^HTj)5 0 a«l0 0(t 1/ 

o*— h 1 0 1 tr.ixicsa*s*bfccpu 1 0 2, ro 

Ml 0 3WRAM1 0 AmfrbtZZ-^'f 9 P7 P nt^ 

■^KJ;9«rt$ixT*3 9^ romi 0 3 tctt^EftiJW^ra 

^7Al0 3a^^TV^ o ^LT, I/O*— 
HOltli, 1)^7^^73 0 0 (0 1) ^iiSbgl5 
2c«IJtitt^ 0 RBIiffi2c(l i^- 
^^F2a^ m^SE«**tfca V-<TI^»-=e-^ 2 
4t, -t©*— ^ 2 4©EMBft*ffi«Sr«ai-5/'«/u^ 
vf**u-* 2 b«£r^T«fifc£n-C^S 0 I 
/O*— h l 0 K^f4, ^A-^7^»iS©4l6o 

^ffigp, i-4*pt>i7-^»A»»i i> m^mmmm 
m \ 2, fttttsffiBSwesit 1 3, fifttfiti 4, 

5 0 RAM10 4H CPU102OI7-^xlj 

7l04ai LT«ffii"5«^ *^«ffi3feflHffiffiBW 

[0 0 3 8 ] EA7\ liS^B 1 ^»i:ov^TKWt 

5 0 ^-Ts mi 4(4. hi i<d£»wsi ooia^y 
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Srg:#T\ #XSIIii6*MW (fisj^tfHl 2Xtf0l 3<D 
1 0&t/*J»«FBl 2 0) tiiOTyo^?^^ 

^S$:^T-r ^fil-^D ^9 AMP Ifc^fcTft ^Sri§i- 
J: 5 ^ioti^o ±12^0^7 AMP ifflflt* 

tt, rixfc^Ttl ^SrgttSttfcxaifrT:?^ (Ell 
1©RAM1 0 4l:^SiiTV^5) £^>fc LTt$< 
(Ml 0 2— Ml 13) B -t LTx Mil 5T'±T©7 

9^ds*^ic4ixri. y^73y-<73 0 0 (Hi) t 

«»tIlL, ^7^S:y-fey M"<5o £*T> M10 1C 

MoT raaio^a r> 5gi\ 

[0 0 3 9] ±IEiB»fS#S:$*tT, #Xg|B6»«-c 
^)WJ»^n^9Att % ^li^tefil (Hi) 

&<DT.UmftmFF\z'&\,\ &-fu?j A(D4a«<o*ixSr 

s&A&s-m, »Ai-s^#9-*wcDW*i&B*Lfc 

Wi«!7-^«»«|2 3 (8 2) !CiS#StL5 a ffi)^T 
tftix«^T{t#Sriil«i-S. JftA^ftfc?-* wttH 

i (ommmm^mm 4 ^aitfn, m 3 ^ jt 5 kkkw 

KfcifcBKiIrtH'U 3teBSffiffiBSIj£«B l 3 K <fc 5 

««wi©ife«»ffi{tt«<oH3exe3issifT$ix*. mi 6 

iMSBlOO (Hill) ^<f£tL5 0 
[0 0 4 0] ffl^S Jxfcjfe*ffittBii J Hi«»f i6« 1 4 

(mi) ^eaisns. ^HBSiffssm 4ttr.*b«r*w 

xe&Sttfc*-*. *-f, S l-CiB»tt#S:fttt5i:. S 
2, S 3T'±»ai 0 0^f)^^®lWl(7)«®fi 
lh, RtflHIitfffi^^' fr4 2fcRSSftfc»Wtt 

ffiwi ©jteflSffi 1 0>fH KN^t^ # BRIMc d ©r- * £ 

Sff-TSo ^{tfttf^gl 4(7)SiJ^l 2 0 (12 13) 

^rh + di: LT^dbi-5 0 1"fc*>*>, Mffffi 12 011 

-f-4 2©ftif3t«tt««rJita-i-SftW p *»tffill*ai* 

J*i-*«L3«:, MEttUtSll 3<o«*r»i 1 
0. fcSVMiSffiflapffii o 0tcxtrv\ -toStSHg** 
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[004 1] ftV^% S 6l£i§^ 

2ows(t««r±iBh + d^Bi«i-a 0 i-ftto*>, mi 

3{£*5\^T, h + 6<Dm&D-— timW=-=-y h 1 2 6H 
i£{f $tlS e #|gtf):x- y h 1 2 6fc£> PG12 9 

+ d»wSJ5gi-S*T^-^ 7 3 (S5t)#i) StjE 

10 fflKSt^Sr^^o Si 6 (a) 

W 1 (D&SS®fcgte . m 7L m% * >k®*£W 1 <7>fi $ fo 5 V n 

^<—y-4 2<D{u.m&:bb*:?T0 ZtX\ mi 6 (b) {Zt* 
1r&i\Z, ±IB5fe«B^ffi«^±bi*^^-*4 2 4:© 

r^^"Cfl^-<— If 4 2*2118 (b) fC7jt1-il@f£g 

[0 0 4 2] Hi5l:S9, ^HStttf*^— tJ-4 2^ffi 

ms (b) fc«1-J:5fc* -iiig&g PA2K 

D-a 2Srft*fa»tffi«PAilc»»S*5 0 ::tu 

013 fcSJV^T, If — sRJE»3.=. S/M27 |:{HlKgl 

7te#A!EKj^ — * 7 8 3EOiiSt?lH]teS^:S 0 
rco4§-g\ m 9 (a) fc*-f-J:5»;:* #A8 OO^ftfE 

sixart 4:ft5p ^^.t^, mi3(ommui2ox 

ttPGl 3 0 ±9^/^«-8-<DS«SrM*&L (HI 1 5 : 
30 S7) . «itf *A 8 0 ©ft«ttl*±Efl*EW « 1 

(HI 5) SrfPiis^ mi 6 (c) ^fiJH, ^{i 

ttffx^^*ffi-ra 0 

[0 0 4 3] ±IE^«ft*fXS"Ctt, ^-t4 2^t 

40 {iftif^-<-^4 2(OfttfS:*tofcft<73KS<St»iaE-fk 
ft»f/<>^4 3 0fl^PS<7?fc^CD^. h ^ftt> 

ft if *q je^i sr mmnfa W2 1 ^uT^tsr^^t^ 

[0 0 4 4] ^«ft*f I8*»TtiiliB 1 I^^T 17 
-^W^*fttfgll Si^iHL, mi 0 (C^T^&tf 
50 li^r^S LTA7E^r-v y7<omt:9ciU&tj:mb'1-i>. 
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^t|«WlOjfe«B4:»»«SW20ifeiB»i:OlBlc, :k 

[0045] rrr% ±B J JHift»fxafcj3v^-ciH»ft 
tf^-<— J-4 2H, El 8 '(b) fc:«1-J; 5 

wi 4 »»tt«w2 1 tomfvsfot* 6«*i^ix-cK3e * 
x ft »f 4 3ia5*ifMaittft5* »f a *tttt 

8 (a) 5 fc:, ^fllftlf^— J-4 2Sr^-C?« 

mwmfr h mmm.m W2 m m # r -t n & <oe59*ibi k jb 

JlfiSf^tfiWl tT^ LT r ixSrfl&ottfc t) 1"5 ft if 

^-t4 2^ 0 8 (b) ^7rr-tf^#Offi#»^S^V> 

[0 04 6] ttoT, H8 (b) <D»£\ iHifttf;*^ 
— f-4 2C0^fr^]® (r<£>«£v T® (SSPffi) 4 2 c) 

^Tott), 9*4 2 ir^^affiWlttOBatC^PgP 

<£5o tfesi"tbtf N 0 8 (a) ClTT^ £ 9 
^««^^<— 2(Dg|jfe«1SW2*Sjf LoJtfe 

tttfSiffi4 2 att, **««W2<Oft^«li:»«?Lfc 

2rt> \ Si&mffi W2 Mlft §13 Sr ffi^-f 5 ( c T — /u 
ffi:R<!:£;h,TV^ 0 ftlf!ffi4 2a(DfilS: 

»*««W20S««HcittWW ari-C, gJftSffiW2<£> 

i5[:45o rftfcJ:?), jK»««W2©fttf»©7 r — 

«g^iftfl:ffiW2^±^S$S:^<T#5o wix^J: 

[0 0 4 7] ^tttf^-IM 2«r±EoJ:5 

17 (a) ^^S«iWl^)WjS^ffi]^*3 
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H -e#*o -<&4§£\ ^ffi£l$4 2 b<Dg2f§®4 2 c frhCO 

^iU4£08 (a) .totst^***:-?**. 

[0 0 4 8] 0>J*.tfH 18 ( a ) lUTjrf- J: 5 ^ N 

* 4 2 ttftlKiEHIjrM S i*T ft tf g JtffiB^ffi 
fttfSB4 2 a©3fe«HajtSr1>^»Bi 

l^d (c) oi5i:ffc«fiwit©f*# 

^-f^fc^^pTfgT'fc^o Hi 9 (b) fc* 

io ir&o\^ ^«**ff*T»<o«*«aw2ofttf»oB 

19 (a) ^*i"J:5^^«ft*f*T«0*»«ttW2 
^{W^ffiK^iirSr t^pjfigi^So dixKJ:!?, Si 

9 (c) (I^tJ;9^ Sl*«aiW20fttftt<Dtt45i|£ 

20 *$S:*6»c:ffi<-e#5 0 

[Hs^ii^nn] 

[mi] *&w<Dxs<-?y , 7ymmmmo--nMm* 
[12] »sasM»<^iaMHo 

nasi T«fttf3e«©-«**i-iEiiiia. 

[me] Jf*iL«f|5»©f^fflRWH. 

30 [07] ^ffimrmm<D^mm?*^-v&m&&mffi 

[0 8] ^«ft(f^-<— 

[0 9] ^mmf*^-^(Dmmmmmm<Dim®.w 
0 O 

[0 10] *ft*f»«o««:H. 

[0ii] ±mwm<Dn.^MMj&*7F^zfny?mo • 
[0i2] ft*Ktt«M3e*«©«*w«iat*i-^n 

[0 13] 1Hi«»f««0«fttt«rtlS:«i-^a2y^ 
40 0 O 

[0 14] 3EM»fflJ<^y -T=> ^TKBtoaoSEtLSr 

[0 15] ^{ifttfXSO^^ffinSr^-r^p-^^ 
- bo 

[0 16] ^«fttfXSOfttMBI. 

[0 17] iJ-oJB-(OS?B«Sr-t^ffl 

[0 18] J-0*X©aC»«Sr*Of^ffl 

50 [0 1 9] 0 1 7 (D^m&ifx^—y-tmi sotift 



(10) 



nm 2000-1643 2.0 



i xs<-*y7?mmmm 

C jfci*S2S 
Wl •P'L^ffi 

W2 mmikm 

W3 

1 3 5tigs<fi:«ay^« 
i 4 ^{ifttf^m 



1 5 xmrnm 

2 3 

4 2 ^«tftlf*~-f- 

4 3 mf^'f- 

4 5 ^«fttf;*^-lHu^**«S*S 

4 6 mf®m& 
4 7 iiiMgifcass 

4 8 *^~^frw.mmmn 

5 2 "TiM-;* 

10 115 I — if^fii-ir^-^ 

3 0 0 



imi) 



me] 



(a) 



j 302 302 



1 HJdL> 



l cr,rr/rr i tt ^ 

n i i 14 ! V 302 

12 13 15 ^ 



J. — r n 

\ 

1 6 



(b) 



302 




-300 



301 



^300 



9 5^ ™ 9 6 

— i- 1^ 




[B2] 



(b) 




Wfe-^FV' ^302 




( i 



(13) 



2000-164320 



1 2] 



-1 0 0 

1 ^ — U "7=3>^T 



1 0 2 

C P IK 



1 03 



ROM 



103 a 
1 04 



2b 



za 24 



/I 2 



• 1 3 



14 



^-1 5 



16 



L J 



[Hi 3] 



-12 9 



1 2 



CPU 



ROM 

122 123 124 



RAM 

V 



^ 1 26 



PG 



-73 



/-I 3 0 



PG 



^12 7' 1 1 



J H 25 H 2 8 ! 



-4 9 



-1 i o 



1 3 



sushis* - 



i 



A/D 



— , v — 1 1 5 



1 1 2 



-1 1 1 



1 1 4- 



CPU 








ROM 








RAM 





[114] 




Ml 1 3 



I8**T 
77^0N 



(14) 



2000-164320 



[Ell 5] 



[016] 




»3ggx-»g« <h) 

I 

54 »/MBS5 (d) SB£fr| 

55 | 



' 1^— »Tffitt« (h + d) gm 



S6 




S7 |^ABB»PG/XJU^BS&»Wte 
S8 



YES 

S9 |yu>^gga>fttf»B i 



SI 0 




■Yo 




(15) 



2000-16432 



m i 8 ] 



[019] 



(a) 



<= > 




(a) 



43 




(b) 



w 



(b) 



-90 



p— w 



-w 



